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ABSTRACT: TheProject Integration Architecture (PIA) usesobject-orientedtechnology to implementself-revelation
andsemanticinfusionthroughclassderivation.Thatis, thekindof anobjectcanbediscoveredthroughprograminquiry
and the well-known,well-definedmeaningof that objectcan be utilized as a resultof that discovery. This technology
hasalreadybeendemonstratedby thePIA effort in its parameterobjectclasses.It is proposedthat, by building on this
technology, anautonomous,automatic,goal-seeking, solutionsystemmaybedevised.

1 ExecutiveSummary

It is proposedthat thekey object-orientedtechnologiesof
self-revelationandsemanticinfusionthroughclassderiva-
tion combinedand furtheredby the Project Integration
Architecture(PIA) effort may form the basisuponwhich
anAutonomousSolutionSystem(ASS)maybebuilt. Such
systemswill automaticallyformulateapproachesto posed
problemsfrom the availableresourcesof a PIA collective
andseekoptimalsolutions.Further, theautomationof this
processwill enablethe applicationof systemanalysesfar
beyond the levels attainablewith currentmanualintegra-
tion technologies.

The following benefitsare expectedto accruefrom such
technology.

1. Theteamingprocesswill beautomatedwith anatten-
dantincreasein reliability.

2. An audit recordof the solutionprocesswill be auto-
maticallygenerated.

3. Alternative solutionstrategieswill bedispassionately

considered.

4. Riskassessmentwithin agivensolutionapproachwill
beautomaticallygenerated.

5. Automationof the teamingprocesswill reduceteam
duties for discipline experts and make more time
availablefor theadvancementof thosedisciplines.

6. Integration technology will allow more-reliable,
higher-fidelity analysesto be developedwithin nar-
roweddisciplines.

7. Distributed server technologywill reducesoftware
maintenanceandadministrationcosts.

2 Intr oduction

2.1 History

In the late 1980s, the IntegratedCFD and Experiments
(ICE) project[1, 2] wascarriedoutwith thegoalof provid-
ing a single,graphicaluserinterface(GUI) anddataman-
agementenvironmentfor a variety of computationalfluid
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dynamics(CFD) codesandrelatedexperimentaldata.The
intentof the ICE projectwasto easethedifficultiesof in-
teractingwith and interminglingthesedisparateinforma-
tion sources.Theprojectwasa successon a researchba-
sis; however, on review it wasdeemedinappropriate,due
to variousunavoidabletechnicallimitationsacceptedat the
time of projectinception,to advancetheeffort beyondthe
successesachieved.

A re-engineeringof theprojectwasinitiatedin 1996[3, 4,
5, 6, 7, 8, 9, 10,11]. Theeffort wasfirst renamedPortable,
RedesignedIntegratedCFDandExperiments(PRICE)and
then, as the wide applicability of the conceptscameto
beappreciated,ProjectIntegrationArchitecture(PIA). The
provisionof aGUI asaprojectproductwaseliminatedand
attentionwas focuseduponthe applicationwrappingand
integrationarchitecture.

During the intervening years, work has proceededand
an operationaldemonstrationof the PIA project in a
C++, single-machineimplementationhasbeenachieved.
This demonstrationincludestheintegrationof a Computer
Aided Design(CAD) geometry-wrappingapplicationwith
a wrappedCFDcodeandtheautomaticpropagationof ge-
ometryinformationfrom oneto theother[5]. Meanwhile,
progresson a CommonObjectRequestBroker Architec-
ture (CORBA)-served, distributed-objectimplementation
of thearchitectureis well underway.

3 KeyConcepts

ThePIA effort hascapitalizedupontwo key concepts.Nei-
ther is original to this particulareffort, but theseconcepts
mayhavebeencombinedandcarriedfurtherthanthey have
otherwisepreviouslygone.

3.1 Self-Revelation

Self-revelationis simply theability of somethingto tell an
inquirer what it is. This is an entirely commonconcept
with people:onewalksup to a personat a partyandasks
her profession,to which sherepliesdoctor, or lawyer, or
whatever. Furtherinteractionis usefullydirectedfrom that
self-revelationby theinquirer’sknowledgeof theidentified
profession.

In non-objectorientedlanguageslike Fortranor Cobol (at
least in their traditional forms), the capability for self-
revelation is somewhat difficult to devise; however, in
object-orientedlanguageswith classderivationandinheri-
tancethisbecomesa relatively naturalthing. Indeed,some
languageimplementationsprovide the basicmechanisms

asa default, sometimesunavoidable,conditionbecauseof
theconveniencesit offerstodevelopmenttoolsandthelike.

3.1.1 Self-Revelation of Kind

As demonstratedin thePIA foundationclasses,it is aneasy
thing to declarein thepatriarchof a classsystemtheabil-
ity to respondto an inquiry with a stringor a codednum-
ber that indicatesthe kind of objectat hand. This is the
veryessenseof self-revelation,aself-revelationof kind. In
the PIA system,this self-revelationof kind is taken a bit
further in that a conceptof depthis supported,reporting
for any given objectof any derived classthe derivational
depthfrom thepatriarchandthekind of theobjectat each
derivationallayerfrom theobject’s surfaceto its patriarch.
(Suchan examinationis called,in the PIA nomenclature,
anecdysiasticalanalysis,from theGreekekdysis,ekdyein,
to getoutof, stripoff.)

3.1.2 Self-Revelation of Content

Anotherslightly differentform of self-revelationexists: a
self-revelationof actualcontentratherthan of kind. For
example,thePIA ApplicationArchitecturedefinesthatall
applicationobjectshave,amongotherthings,asetof oper-
ationsthatthey perform;however, whetheror notthatsetis
emptyand,if it is not empty, preciselywhatoperationsare
in that set is left asa matterof further discovery, the dis-
covery of content.A consumerof anapplicationobjectis
responsiblefor traversingtheoperationssetanddoingfur-
theranalysisof theobjectsfound thereto determinewhat
operationsmaybeperformed.

3.2 SemanticInfusion thr oughDerivation

The semansisof somethingmay be definedby encapsu-
lating it in a classderived from anotherclass. Usually, a
patriarchialclassis definedasa fundamentallyamorphous
blobwith afew basicabilities.Derivativesof thatpatriarch
arethendefinedwith somebasicstatementof whatobjects
of eachderivativehaveanddo. Additional layersof deriva-
tion areadded,at eachstageaddingrefinementas to the
natureandfunctionof thederivativeclass.

In the PIA effort, classesimmediatelyderivative of the
patriarchialclassencapsulatethe conceptsof arrays,ma-
tricies, maps,stringsand the like; however, the question
of just exactly what it is an arrayor matrix or mapof is
left completelyopen. The next derivative layersbegin to
fill in thoseblanks;a mapsortedby strings,for example.
But still a mapusuallygoesfrom somethingto something,
andthatquestionis not answereduntil thenext derivative
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layerin whichit is discoveredthatit canbeamapof strings
to otherstrings,to integervalues,to floatingpoint values,
or to objects,dependinguponwhich derivative classis se-
lected.
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Figure3.1: SemanticInfusionthroughClassDerivation

It is this patternof semanticinfusionthroughclassderiva-
tion that is exploitedby PIA. At somepoint (asillustrated
in Figure 3.1), a derivative classbecomesa parameter,
whateveraparameteris. Beyondthat,aparameterbecomes
a scalar, a vector, a matrix, an organization,andthe like,
thena scalarinteger, a vectorof floatingpoint values,and
soon. And beyondthat,a parametercanbecomea dimen-
sionalparameter, andthenaparameterwhosedimensional-
ity isof pressureorspeedor length.Thenapressureparam-
etercanbecomea gaspressure,thena total gaspressure,
thenafar-field totalgaspressure,andthenanupstreamfar-
field totalgaspressure,andsoonuntil justexactlywhatthe
parameteris is utterly definedandrevealedby the typeof
its encapsulatingclass.

This semanticinfusion is not limited to parametersalone.
It canbeemployedfor operations,applications,indeedfor
anything whosecharacteristicscanbe identifiedandthen
further refined. Thus,an applicationcanstartout as just
anapplication,thenberefinedto ananalyticalapplication,
then to a fluids analysisapplication,then to a fluid flow
analysisapplication,andsoon.

3.3 The Combination of the Concepts

As isprobablyself-evidentbynow, thecombinationof self-
revelationwith semanticinfusion throughderivation is of
enormouspotential.It makesit possiblefor apieceof code
to be handeda referenceto an unknown object and dis-
cover whatit is and,with appropriateneedandknowledge

placedin thatconsumingcode,put thatobjectto use.For
example,codecanbewritten thatdiscoversthatanobject
is, in fact, an upstream,far-field Mach numberparameter
and,presumingthatthatis thekind of informationthecode
wantedtohave,thatencapsulatednumbercanbeputto use.

Further, throughtheself-revelationof contentit canbedis-
coveredwhatotherparametersareassociatedwith thatre-
vealedMach number. In the PIA formulationof applica-
tions,parametersexist in configurations which bothhold
otherparametersandinherit parametersfrom their ances-
tral configurations.A searchof theserelatedparameters
may reveal the altitudeat which the Mach numberexists,
thetotal temperature,pressure,whatever.

The PIA formulationfurther indicatesthat configurations
exist ascomponentsof applications,soself-revelationcan
bepursuedto thepoint of discoveringthekind of applica-
tion in which this Machnumberexists. Othermechanisms
definewhethertheMachnumberis anoutputof theappli-
cationor an input to it. While not yet implemented,the
ability to inquire asto the confidencethat may be placed
in thisMachnumberis alsoforseen:is theanalysisof such
highfidelity thattheMachnumberresultit producesis very
likely to be right, or is it just an estimationfacility to get
into theright ballpark?

All of thisdiscussionpresumesthattheclientcodewanted
Machnumberinformation. If Machnumbersareirrelvant
to thesituation,for examplebecausetoastersarebeingde-
signed,thentheMachnumberis easilyignoredwhile infor-
mationmorerelevantto thesituationis awaited.In pointof
fact, client codeneedhave no codedknowledgeof Mach
numbersat all. All that is neededis an escaperoute for
“unrecognized”.Sucha routeis entirelysufficient for han-
dling untoldthousandsof parameterforms.

4 The Postulate: A SolveYourself Method
Can BeDevised

With thiscombinationof self-revelationandsemanticinfu-
sion in hand,it is now postulatedthat,givena sufficiently
rich environment,thereexistsa setof problemsfor which
a usefulSolveYourself function canbe devised. The key
characteristicof thissetof problemsis thatthey musthave
a clearlydefinedanswer. Truelove is not yet sucha prob-
lem, dollarsper useful poundto low earthorbit is much
morelikely to be so. Furthermore,problemsfor which a
SolveYourselfmethodcanexist areoften likely to becast
asoptimizationproblems:getthebest,getthemostfor the
least.This is a problemformulationwith wide applicabil-
ity.
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Figure4.1: An Automatically-IdentifiedApplication Pro-
ducinga DesiredResult

It isproposedthat,giventhePIA technologybaseandasuf-
ficiently rich setof applicationwrappedin thattechnology,
thesolutionof suchproblemscanbedealtwith in anauto-
maticmanner. A searchof availableparameterformscould
revealwhatkindsof parametersencapsulatethedesiredre-
sult andwhatavailableapplicationsproducethoseparam-
eters.For example,in a sufficiently rich PIA environment,
acost-per-useful-pound-to-orbitparameterwouldexist and
therewould besomeapplication,illustratedin Figure4.1,
thatcomputedthatsortof parameterasanresultof its op-
eration. Automatedexaminationof the possibiliteswould
beableto identify theseapplications.
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Figure4.2: Automatically-IdentifiedApplicationsProduc-
ing NeededInputs

If anapplicationcanbeidentifiedasproducingthedesired
result,theinputsrequiredfor thatapplicationcanbeiden-
tified anda recursive searchto satisfythoseneedsbegun.
Otherapplicationswould be soughtwhoseoutputsmatch
the outstandingrequiredinputs. Cost per poundto orbit
probablyneedsinputsof how muchpayloadandhow much
cost. An analysisproducingthe poundsto orbit would
seemto matchonepieceof this puzzleand,thus,a search
for applicationsproducingthat resultwould be done. As
illustratedin Figure4.2,connectionsbetweenapplications
generatingdiscoveredoutputsandthoseconsumingthose
outpusastheir own inputswould bemadeandnew inputs
for thediscoveredapplicationswouldbeaddedto themix.
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Figure 4.3: Reductionto Applications Requiring Only
RandomInputs

The recursive cycle would continuein which applications
producingoutputsmatchingthe currently neededinputs
wouldbesoughtand,asthoseapplicationsarefound,their
neededinputswouldbe,again,addedto themix. It is then
proposedthat,given thesufficiently rich environmentthat
hasbeenassumed,therewill comea point, illustratedin
Figure4.3,atwhichthesetof neededinputswill havebeen
reducedto thosethatcanbeguessed,probablyonarandom
basis,and,atthatpoint,theprocessof solutionconstruction
canterminate.

Inputsthatcanbeguessedwill bethosethatspecifyanarbi-
trary, but semanticallyvalid (thoughnot necessarilygood)
design. For example as shown in Figure 4.4, a classic
axi-symmetricpropellant/oxidizerrocket engineis largely
specifiedby a seriesof cross-sectionalareasalonganaxis,
in particular, the cross-sectionalareasof the combustor,
throat,andskirt. Somerandomnumbersetsfor thesethree
key parameterswill resultin a goodengine,mostwill not;
but all suchsetsof threenumbersresultin anenginedesign
whetheror not it is goodor bad.It maybethatapplications
applyingheuristictools to randomlyselectedinputs may
be formulatedso that the rangeof a randomdesignis not
good to bad (with a preponderantemphasison bad), but
from goodto adequate.This is illustratedin thefigurewith
theconstrainedvectorformulation: thecombustioncham-
ber andskirt areasarenon-dimensionalizedby the throat
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A0 A1 A2

Random vector : [ A0, A1, A2]

Better vector : [ A1, (A0/A1), (A2/A1)]
Constraint : (A0/A1) > 1.0, (A2/A1) > 1.0

Figure4.4: A RocketMotor DesignApplicationRequiring
RandomInputs

areaandconstrainedto begreaterthan1.

���K�$� � �0�0��� �3�.�

���K�K� � �0�\�1� �$��� ���K�K� � �\�0�1� �$���

���K�$� � �0�0��� �3�.�

�=�=�

���0�s� �0�.  �3¡¢�� £�¢�� �0¤��
¥ �K��� ¤�� ¦0�0�1� �$�

§ �\�=�0�1� �!¨��0�
� �K©�� �0�1� �$�
¢��1�\�1� �s�1� �0�\�=��ª=�\¡1�0�\�1�\¡1� ¦��0��� �$�

«&¬  ® ¯ ° ¬ ± ²&³

° ¬ ± ² ³  «&¬  ®

«&¬  ®° ¬ ± ² ³ 

´ µ ¶ · ® ¸ ¬ ² ¹ µ ¬   ° º µ1±  º ´ ¸ » º ³

¼1º  ¸ ½ ²\¾ ¶ µ ® ¸ · ± ¿ ¶ µ 

À�¶ ² ³ ¬ Á-³ º  ¸ ½ ²0Â º · ® ¬ µ

Ã º º ³ º ³�¿ ¸  ® ÄÀ�¶ ² ³ ¬ Á�Â º · ® ¬ µ

Figure4.5: Applicationof OptimizationControl

For the purposesof the SolveYourselfmethod,the reduc-
tion of the problemto oneneedingrandomlyselectedin-
putsonly is anecessaryandsufficientcondition.As shown
in Figure4.5,anoptimizingsolutiongeneratorcanbeap-
plied to theconstructedapplicationgraphto pick a random
startingpoint,analyzetheresult,andcorrectthedesign.A
greatdealof existing work in optimizationmethods,sta-
tistical characterization,geneticalgorithms,andthelike is
applicableto thispartof theSolveYourselfmethod.

The algorithmof solutionbuilding haslong beenknown
and practicedin anotherform: that of programbuilding
thathasbeenexercisedby linker/loaderprogramsfor ahalf
centuryor more. The linker/loaderproblemis moredefi-
nite. An initial programmoduleis insertedproviding at
leasta key entry point, the main program,andenteringa

list of neededentrypointsto completetheprogram.Other
inputmodulesandlibrariesaresearchedfor piecesprovid-
ing theseentrypointsand,asthosepiecesareadded,their
internaltablesaddmoreentrypointsthatthey, in turn,need
to operate.Many of thoseentry pointswill alreadyhave
beenidentified;however, somemaybenew andcauseyet
anotherroundof searching.Ultimately, linker/loaderpro-
gramssatisfyeverysuchentrypointrequestor reportafail-
ureto produceanexecutableprogram.

Thesearchphaseof theSolveYourselfsystemis fundamen-
tally the sameasthat of the linker/loader. The difference
is that theSolveYourselfsystemwill, almostcertainly, en-
counterambiguitieslesseasilyresolved thanthoseof the
linker/loaderoperation.It maybethatseveralapplications
will produceoverlappingsetsof currently-requiredinputs.
Determiningwhich applicationshouldbe selectedto pro-
videtheoutputmeetingtheneedsof therequiredinputmay
bechallenging.On thesurfaceit would seemthatthecon-
fidenceexpressedby eachcompetingapplicationin its out-
putswould have somerole in sucha decision;however, an
application’s confidencein its outputmight dependupon
its confidencein its inputs. A challengingexercisein dis-
ambiguationis almostcertainto result. A SolveYourself
solutionmustbepreparedto maintainmany possible,and
perhapscomplete,solutiongraphssothat rulesandanaly-
sesmaybeappliedacrosstheconstructedwholesto select
amongapparentequals.

4.1 The Fly in the Ointment: The Presumptionof Ap-
plication Reliability

Thereis animplicit assumptionunderlyingthis entirepro-
posal: it is that wrapped,served applicationsare, in fact,
reliable.Thisis afactnotentirelyin evidencein thecaseof
many advancedanalysiscodes.For example,many current
computationalfluid dynamicscodesdo not simply readin
a trivial input setandrun reliably to a convergedsolution;
instead,they rely on theexpertcareandfeedingof thedis-
ciplineexpertthattweaksandpatsandencouragesthecode
towardananswer, andthencastsa critical eye on thatan-
swerjust to becertain.

Thereareanumberof answersto thisadmittedweakpoint.

1. The PIA implementationalreadyprovides an event
mechanismthatwrappersmayuseto requestattention
from adisciplineexpertwhenusualeventsoccur. The
summonedexpertcantheninterveneandprovide the
neededcareandattention.

2. ThePIA implementationalreadyimplementstheabil-
ity to notewhensuchfailuresoccurandstoptheflow

5



of solutionfor theaffectedproblemconfiguration.If
thosefailuresoccurin only someconfigurations,oth-
ersarestill ableto soldieron. The net resultwill be
thata portionof thedesignspacewill beblockedout
as being untenablefor reasonsthat are entirely au-
ditable.

3. As will be expoundedon shortly, the introduction
of automatedintegrationtechnologymayallow disci-
plinesto benarrowedandsimplifiedin their focus. It
is hopedthatsuchsimplificationsmight leadto more
reliable,higher-fidelity applications.

4. ThePIA applicationwrapperprovidestheplacewhere
neededexpertisecanbeencapsulated.This is, indeed,
oneof thelongtermgoalsof thePIA effort: to capture
thedisciplineexpertisesothattheability to runappli-
cationswill no longer retire with the peoplehaving
thoseabilities.

5. Finally, unreliableapplicationsare neither the fault
nor the responsibilityof the integration system. If
someproblemsdefy reliableanalysis,thentheexpec-
tation that finely-tuned,cost-effective, reliable, high
performancesystemscanbeachievedis unrealizable.
Wewill needto orderagreatdealof chewing gumand
bailingwire asour risk mitigationstrategy.

5 The World Beyond the Solution

The discussionto this point considersonly “analysis”ap-
plications that directly participatein the automatically-
formed solution graph; however, the postulated“suffi-
ciently rich” PIA collective can easily introduce many
sourcesof relevant information that may not have a di-
rect, participative role in the solution process. Specifi-
cally, many sourcesof experimental,empirical, or other
datawhich documentsituationssimilar to portionsof the
problemat handmayexist andbeautomaticallydiscover-
ableby thedirectparticipantsthroughPIA technology.

Thesesourcesof relevant data will likely be read-only
in natureand will representconfigurationsfixed in time.
Thus, thesesourcescannotbe directly incorporatedinto
oneor anotherconfigurationof thesolutionprocess.As il-
lustratedin Figure5.1,this informationcanstill contribute
to the solution by providing startingor datumpoints to
which theautomatedsolutionparticipantsmayrefer.

Considerasan exampleof this a CFD analysiscodethat
hasbeencoupledinto anautomatically-generatedsolution
graph. The inputsof the analysismay all have beensyn-
tactically satisfiedby the solution graphgenerationpro-
cess: griddedgeometrymight comefrom this predeces-
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Figure5.1: Useof RelevantArchivesof Experimentaland
OtherData

sorapplication,far-field boundaryconditionsfrom another
predecessorapplication,and so on. Despitethis techni-
cal satisfaction, the CFD codemight still needsomeex-
amplestartingpoint; it might needsomeinitial solution
taken from a similar problemwhich it cantheniterateon
computationallyuntil it convergesto asolutionof theprob-
lem actually posed. It is in such an areathat the rele-
vant, non-participatoryresourcesof the collective might
still contribute: the CFD code(or, more accurately, the
PIA-conformantwrapperof thecode)couldsearchthecol-
lective for flow field informationof the desiredkind and,
finding such information, could discriminateits choices
basedon contextual issuessuchasthefar-field conditions,
geometricsimilarities,andthelike.

The ability of solution participantsto searchthe collec-
tive for relevant,but not directlyparticipatory, information
enhancesthe valueof thosestatic resourcesandwarrants
theintroductionof thoseresourcesinto thecollective. The
mountainsof archiveddata– propulsionsystemsdata,flow
fielddata,airframedata,structuraldata,dynamicsdata,and
thelike ad infinitum– suddenlygainsenormouslyin value
asautomatedtouchstonesfor currentsolutionsystems.

Finally, it mightbeimaginedthatthecontributinginforma-
tion sourcescould extendbeyond the rangeof static,pre-
existing assetsto encompassnewly-generatedsourcesre-
questedby the solutionprocess.Continuingthe previous
CFD example,supposethata startingpoint is neededand
thata searchof thecollective providesno sufficiently rele-
vantexample: thesamePIA eventmechanismthatallows
a wrapperto requestassistancecould also allow a suffi-
ciently intelligent wrapperto requestthe performanceof
anexperimentor otheractionto provide theneededinfor-
mation.Thesolutionprocesscouldbesuspendeduntil the
informationis provided,or it couldbeterminated(perhaps
just for thatparticularconfiguration)if theevent response
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indicatesthatno suchinformationwill beforthcoming.In
this way the selectionof experimentsandotheractivities
canbecometruly directedby theactualneedsof thesolu-
tion process,ratherthansimply beinga guessat whatdata
pointsmaysomedaybeneeded.

6 Benefitsof the SolveYourself Method

The key benefitof AutonomousSolutionSystems(ASSs,
theSolveYourselfmethod)is that it appliesthe relentless,
ploddingstupidity(andever-increasingspeed)of thecom-
puterto a problemthatis oftenmishandledby people.

6.1 Automation of the TeamingProcess

Thefaultsof peoplein theteamingarenaaremany. To start
with, few people,if any, havethecapacityto internalizethe
entiretyof a systemascomplex asa launchvehicleor a
high-performanceair transportcraft. Teamsareinevitably
formedto amelioratethis fact,usuallyin thefaceof politi-
calbarriersdisallowing theparticipationof someandigno-
ranceunknowingly eliminatingthe partcipationof others.
Thefidelity of informationtransfer, evenbetweenthelow-
est,mosttechnicallycompetentlevels,is oftenpoor, while
the fidelity of suchprocessesat the highestteamlevels is
customarilymuchworse.

ASSs eliminate peoplefrom this processand substitute
machine-basedteamingfor human-basedteaming.Within
a PIA collective, thereis no questionof politics. Applica-
tionsarenoteliminatedbecausethey comefrom thewrong
sideof therouter. If anapplicationis servedwithin a col-
lective, it is trusted; its expressionof confidencein the
numbersit generatesis taken asvalid, without snicker or
scowl. Furthermore,the searchof a collective is exhaus-
tive: an applicationdoesnot go unnoticedbecausehead-
quartersdidn’t know it had a group in Peoriathat could
handlethis.

Becauseof the advancesmadeby PIA-developedtech-
nology, the fidelity of informationpropagation within an
automatically-generatedsolutionis unerring: dimensional
systemsarenever inadvertantlymixed, designconfigura-
tionsnevermismatched,digitsarenever reversed,baddata
is never slippedin becausethe personwho knew it was
badretiredelevenyearsago.Furthermore,thetopdecision
maker of an automatically-generatedsolution is asfluent
andaccuratein the designinformationas thosehandling
thelowest-level transfers.

6.2 Automatically-GeneratedAudit Trail

By using PIA technologyalreadyin place, an ASS ap-
proachwould automaticallygeneratea machine-auditable
trail of both the examineddesignsandthe processof as-
semblingthe methodof solution. This trail would extend
notonly from thefinal,proposedanswerto thefirst random
guess,but would includeall of thebranchesexaminedand
rejectedasbeinglessthanoptimal.

6.3 Zero-BiasSolution Analysis

The applicationof ASS technologybringswith it the po-
tential, indeedthe likelyhood, that previously unconsid-
ered formulationsof any given problemwill be consid-
ered. An ASS will not know that we always go to this
division to solve this problem;while an ASS will seethe
capabilitiesof thatdivision to bridgesomeparticularsolu-
tion gap,it will, in its generationof thepotentialitiesof the
solutiongraph,also find any other applicationpathsthat
might bridge the samegap. Assumingsomeconfidence-
computationapproachto graphdisambiguation,it might
well discover thatthealternativesaremoreattractive,even
thoughthey mightbemoreobtuse.Furthermore,asnew ca-
pacitiesappearwithin a collective, thesolutionsthatwere
identifiedyesterdaymight be different from the solutions
thataremappedout tomorrow.

X

Y

Z

Figure6.1: ConfidenceLevelsDevelopedfrom anAssem-
bledApplicationGraph

6.4 Automatic Identification of Weak TechnologyAr -
eas;Risk Assessment

Anotherthing that might fall out asa byproductof ASSs
is the identificationof technologyareasthat needwork.
Thesolutiongraphwill mapthepathfrom randominput to
computedoutput. Confidencenumberswill be associated
throughoutthegraphaseachcomponentapplicationnode
addsits expertiseto the ever-improving analysis. Rela-
tively simpleanalysisof theprogressionof confidencewill
reveal to peoplewherefurther technologydevelopmentis
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neededand, thus, whereto focus their further resources.
This maybeconsidereda form of risk assessmentsinceit
identifiesthoseareasin which a givensolutiondoesn’t en-
tirely know whatit is doing.

An attemptis madeto illustratethis conceptin Figure6.1
whichplotssolutionconfidenceverticallyoverahypotheti-
calsolutiongraph.Ideally, confidenceshouldrisesmoothly
from initial to final nodealongeachof thepathsconnecting
thosetwo points. Plateaus,gullies, andthe like represent
portionsof thesolutionthatarenotperformingat thesame
level astheoverall solution.

6.5 Impr ovedUtilization of Discipline Experts

ASSseliminatetheneedfor peopleto participatein teams
by automatingthe teamprocess. This makes more time
availableto disciplineexpertsto advancethedisciplinesin
which they areexpert. The hypersonicinlets expertswill
nothaveto devote2 hoursonMondayandThursdaymorn-
ingsto attendingtheteammeetings,norwill they spendthe
full dayevery monthgoingover thecurrentdesignreview,
nor will they spendtime on thephonewith thecombustor
expertsstraighteningout which flight conditionthatsetof
fileswasfor. Instead,all of thattimewill bereturnedto the
usefulpuposeof makingtheir inlet analysisbetter.

6.6 Impr oved Maintenance of System-Involved Soft-
ware

Useof thePIA collective technologyalsomeansthatwhen
thedisciplineexpertshavecomeoutwith thelatestwrinkle
in what their codecando, everythingdoesnot cometo a
halt while they repackageandredistributetheir codeto all
theconsumingpoints,thoseconsumersupdateor re-install
their copies,andeverybodyis retrainedon what the new
wrinkle does. Instead,the disciplineserver may not even
have to pausewhile the link is changedto the revisedap-
plicationcode. At most,an orderlypausemay be needed
to updatethe served wrapper. Solutionsin progressmay
not realizethat improvedanalysisis beingreceived; how-
ever, a revision of the solutionbasedupon the improved
disciplinecapacityis an automaticprocess,requiringjust
anotherdoubleclick and,perhaps,areferralto thebestthat
hadbeenobtainedin theprevioussolution.

6.7 Narr owing of Discipline Focus

Becauseof thetransferof integrationtasksto anautomated
process,it maybepossibleto narrow andfocusdiscipline
researchto moreelementalproblems.For example,instead
of producinga singleanalysisof a completeinlet system,

it may be possibleto focus available effort on a higher-
fidelity analysisof a single inlet segmentand leave it to
theintegrationsystemto couplethoseelementsinto acom-
pleteinlet systemanalysis.This does,in this example,in-
troducetheseeminglynew disciplineof flow physicstrans-
fer acrossaboundary;however, thisdisciplinewasimplicit
when one attemptedthe inlet systemanalysisin the first
place. By relying uponintegrationtechnology, onecom-
plex disciplinemaybereducedto two or moresimplerdis-
ciplinesin whichequivalentresourceexpenditurewill have
agreaterreturnon investment.

7 Rationale

Having consideredall of thesepossibillitiesandsupposed
benefits,onesignificantquestionremains:why botherwith
ASSs? After all, commercialintegrationsystemsexist in
whichthetechnologistmanuallyconnectsthedotsfromap-
plicationto application.Thesesystemshave intuitive GUI
interfacesfor theintegrationtask,haveproveneasyto use,
andhave producedreal-world savings andbenefits.Why
botherautomatingthisalreadysuccessfultechnology?

Theanswerto this questionis thatASSswill benecessary
to assembleanalysesof truly significantsystems;reusable
launchsystems,advancedair transportvehicles,complete
spaceexplorationmissions,andthe like. The manualin-
tegrationsystemsareonly practicalwhenappliedto rela-
tively simplesystemswhich result in dot-connectionpro-
cessesof managable proportions;perhapsten or twenty
applicationscooperatingto provide a systemanalysisof,
say, a multi-stageturbine. When the numberof applica-
tions to be integratedbegins to increasefrom tensto hun-
dreds,thousands,ten-thousands,andbeyondto providethe
analysisof a completereusablelaunchvehiclesystem,the
magnitudeof the integrationprocesswill simply grow be-
yond the capacityof manualtechniques.The probability
that somememberof the integration teamwill manually
connectthe wrong dot will grow to the point of nearcer-
tainty. (Considertheintegrationof 1000applications,each
transferring20 itemsonto othermembersof theintegrated
whole;if it is 99.99percentcertainthateachconnectionof
anitemto areceiving applicationis correct,thenthereis an
86 per centprobability that oneconnectionsomewherein
the integratedwhole is wrong.) It is theautomationof the
integration process,with its inerrantdot-connectionpro-
cess,thatwill enablesuchsystemanalysesto beconducted.

In additionto enablingthecomprehensiveanalysisof com-
plex systems,ASSswill further enablethe re-analysisof
thosesystemsas needednew analytical capabilitiesare
identified and introduced. Even if a completecomplex
systemwereanalyzedthrougha massive, manualintegra-

8



tion teameffort, theideathat it would beeconomicallyre-
integratedagain and again and again as new component
analysesbecameavailable is doubtful. Further, the idea
thatsuchre-integrationswould beadequatelydocumented
sothatit wasclearjustwhatanalysishadbeenconductedto
provide the final, acceptableansweris even moreremote.
ASSsenabledocumented,auditablere-integrationof com-
plex systemanalysesby applyingthe mindless,plodding
stupidityof thecomputerto thattask.

8 Summary

The existanceof an ability for problemsto meaningfully
solve themselveshasbeenpostulatedanda sketchof the
methodologyby which this might be donehasbeenpre-
sented. The conceptsof self-revelationand semanticin-
fusionthroughclassderivationdevelopedthroughthePIA
effort arekey to this capacity, allowing theproblemof so-
lution generation/organizationto be pursuedin a manner
like thatof executableprogramminglinking. Key benefits
of AutonomousSolutionSystem(ASS)technologyinclude
thefollowing.

1. Automationof the teamingprocess;humanfoibles,
inaccuracies,fantasies,andlimitationsareeliminated
from theteamingprocessandtherelentless,plodding,
unerringstupidityof thecomputeris substituted.

2. Automatic generationof a solution audit trail; ev-
ery decisionpoint from initial methodformulation
to final, proposeddesign solution would be docu-
mentatedin a machine-auditablemanner;all alterna-
tivesexaminedandrejectedwould beretainedfor re-
examinationof thedecisionprocess.

3. Eliminationof biasfrom thesolutionapproach;alter-
nativestrategiesto eachsolutionphasearedispassion-
atelyconsideredeachtimeanew problemis posed.

4. Automatic identification of weak technologyareas;
analysisof confidencelevels througha generatedso-
lution graphprovidesabasisonwhichto assesswhere
capabilitiesareweak;thismayform thebasisof auto-
matedrisk assessment.

5. Automationof team processesimproves discipline-
focusedtime utilization; discipline experts are re-
lievedof teamingdutiesandthereforehavemoretime
to devoteto discipline-advancingpursuits.

6. Reducedsoftwaremaintenance;disciplinesoftwareis
servedby asingleserver(or clusterof servers)associ-
atedwith thecenterof disciplineexpertiseratherthan

distributedto all theconsumersof thatdisciplinesoft-
ware; revisions and updatescan achieve neartrans-
parency.

7. Integrationtechnologycanenablenarroweddiscipline
focus; it may be possibleto abandoncomplex sys-
temdisciplinesin favor of morenarrowly focusedel-
ementaldisciplines;eventhoughnew integrationdis-
ciplinesareintroduced,thehigherlevelsof discipline
clarity mayresultin anoverall improvementin there-
turnon investment.

Finally, the applicationof automationto the solutionfor-
mulation task allows the extensionof integratedanaly-
sis into realmsbeyond the reachof existing manualtech-
niques.
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